Background: Although minimally invasive surgery (MIS) has been quickly embraced, the introduction of advanced procedures appears more complex. We assessed the evolution of MIS in the province of Quebec over a 5-year period to identify areas for improvement in the modern surgical era.
L
aparoscopic surgery has been one of the most important revolutions in surgery in the last century. The widespread use of this technique grew to be known as minimally invasive surgery (MIS). Many reports have now highlighted the benefits of the laparoscopic over the open approach for the treatment of a variety of conditions, mainly through a decrease in pain, blood loss, length of hospital stay and complications. 1, 2 Most surgeons quickly adopted laparoscopic cholecystectomy, but the introduction of major procedures can appear more complex. General surgeons in Canada have been able to follow the trend of the rising popularity of MIS to satisfy health services and increased public expectations, but the use of advanced MIS procedures has been variable. 3, 4 The implementation of an MIS practice requires multiple conditions, such as technical skills and adapted tools. As these conditions vary among hospitals, the use of MIS may differ within a single health system. Moreover, the last few years have witnessed a quest for the least invasive procedure possible, with the advent of natural orifice transluminal endoscopic surgery (NOTES), single-port surgery or robotic surgery. Before considering widespread introduction of these latter techniques in current surgical practice, we need to better understand how previous developments have already been integrated.
To assess the current state of modern surgical practice, our aim was to describe the practice of MIS in the province of Quebec, the factors affecting it and its evolution over a 5-year timeframe. Therefore, in 2007 and 2012, we conducted practice surveys of Quebec general surgeons to determine self-reported MIS practice and training as well as the factors perceived to affect this surgical activity.
Methods

Sampling frame
The survey population was composed of Quebec's general surgeons working in both university-affiliated and com mun ity hospitals. In 2007 and 2012, postal or email addresses of potential respondents were obtained through the membership database of the Quebec Surgical Association (QSA), membership in which is mandatory. The final list included 489 potential respondents in 2007 and 491 in 2012.
Questionnaire development
The questionnaire was developed by a group of experts composed of academic surgeons specialized in MIS who identified important domains and specific issues within those domains, highlighting those most pertinent to MIS practice. We first generated items without restriction, grouped them into domains, and proceeded to item reduction in order to retain only the most relevant ones. 5 The questionnaire was designed using this final list of domains and items. The chosen domains were 1) parameters of surgical practice, 2) stated type of MIS practice, 3) MIS training, 4) barriers to MIS practice and 5) facilitators of MIS practice. Questions were constructed using closed answers. Advanced MIS procedures included all MIS procedures other than appendectomy, cholecystectomy and diagnostic laparoscopy. As both community and academic general surgeons in Quebec practise thoracic, endocrine or liver surgery, subspecialized procedures were included in this list. We used a 5-point Likert scale to assess the perceived importance of potential barriers and facilitators on an agree-disagree continuum. We testpiloted the original questionnaire by inviting 5 surgeons to complete it. These individuals were asked to provide feedback about the flow, the clarity and the ease of administration of the questionnaire. The questionnaire was reviewed accordingly.
Questionnaire administration
In 2007, the survey was self-administered in French in a written form. No incentive was offered to complete the questionnaire. Each potential respondent received a mailed invitation to complete the survey. Two reminders were sent over a 6-month period. An administrative assistant compiled the final database of completed questionnaires. No identifying information was included. In 2012, the survey was administered in a web-based format using SurveyMonkey, and email invitations were sent to all potential respondents. Reminders and compilation of data were done in a similar way as in 2007.
Data analysis
By aiming for a 60% response rate, we expected a precision of 5.7% in both 2007 and 2012. The precision for these surveys was 6.2% in 2007 and 7.9% in 2012. 5 We first performed descriptive analysis of completed questionnaires for both administration periods separately. Continuous data are expressed using means ± standard deviations (SDs) or medians and interquartile ranges (IQRs), as appropriate, and categorical data are reported as numbers and proportions. We conducted a univariate analysis to compare answers from respondents in 2007 and 2012, using a 2-sample t test, Fisher exact test or Pearson χ 2 test, as appropriate. We performed multivariate analysis using logistic regression to assess the variables associated with an advanced MIS practice (≥ 3 advanced MIS procedures). The year of survey administration as well as potential confounding variables were included in this model. Results are presented as odd ratios (ORs) with 95% confidence intervals (CIs). Data were considered to be significant at p < 0.05. Statistical analyses were conducted using XLSTAT version 2011.5 (Addinsoft SARL) for Microsoft Excel.
Results
In 2007, 251 (51.3%) of the general surgeons surveyed completed the questionnaire, whereas 153 (31.3%) completed it in 2012. There were 12 exclusions in 2007 (retired surgeons) and none in 2012 (Fig. 1) .
Demographic characteristics and surgical practice parameters
Demographic data and surgical practice parameters of respondents are presented in Table 1 . No significant difference was observed between the characteristics of respondents in 2007 and 2012, except that there were fewer respondents working in areas with a population of 50 000-500 000 individuals in 2007 (45,7% v. 57.9%, p = 0.020). Parameters of the surgical practice of respondents did not differ significantly between 2007 and 2012. Details regarding the type of advanced MIS procedures performed are included in Table 2 . The most commonly performed procedure reported in both surveys was colectomy for benign disease followed by the same surgery for malignancy. More surgeons reported practising these procedures in 2012 for both benign (66.%0 v. 84.3%, p < 0.001) and malignant indications (43.3% v. 77.8%, p < 0.001). The least often performed procedures at both time points were liver and lung resections.
MIS practice characteristics
MIS training
Perceptions of respondents on MIS training are reported in Table 3 . From 2007 to 2012, the number of respondents stating that they gained their skills during residency (p = 0.028) or by self-training (p < 0.001) increased. In 
Barriers and facilitators to MIS practice
Significant differences in barriers and facilitators to MIS practice were observed between 2007 and 2012. More respondents in 2012 disagreed or strongly disagreed that insufficient operative time (p < 0.001), lack of hospital resources (p < 0.001), lack of training opportunities (p < 0.001), lack of support from the hospital (p < 0.001) or insufficient remuneration (p = 0.06) were important barriers to MIS practice. In both surveys, most respondents did not believe that that the lack of scientific evidence or medicolegal issues were obstacles to the implementation of MIS (Table 4) .
Multivariate analysis
On The ability of general surgeons to learn and apply these new skills is paramount to keep up with the rapidly evolving field of general surgery. Our study illustrates the evolution of MIS practice in Quebec over a 5-year period 30 years after its introduction. We observed a significant increase in the number of advanced MIS procedures practised in the province from 2007 to 2012, with more surgeons performing 3 or more advanced techniques in 2012 hospital resources, were not perceived to be barriers to MIS practice, a trend that became more polarized in 2012. When discussing the benefits of MIS for the treatment of various surgical conditions, the importance of surgical expertise in achieving these results is often highlighted: advanced MIS procedures are deemed beneficial if performed by experienced hands. 10 Our data show that the practice of basic and advanced MIS has significantly increased in Quebec in the last 5 years. Advanced MIS procedures that were once restricted to tertiary care settings have now widely spread. Multivariate analysis confirmed that the year of survey administration was significantly associated with an advanced MIS practice (OR 0.13 OR, p < 0.001) for the 2007 administration.
Appendectomy was one of the first procedures to be performed laparoscopically and is now one of the first laparoscopic techniques taught to general surgery residents. However, only 60.3% of general surgeons in Ontario performed minimally invasive (MI) appendectomies in 2004, as reported in a study from that province published in 2004. 4 Our survey had more encouraging results, with 94% of Quebec general surgeons practising MI appendectomy in 2012, which represents a significant increase over 2007 (82.3%, p = 0.003). In 2002-2003, a review of the practice of appendectomy in Quebec revealed that MIS was favoured in only 35% of cases of appendicitis. 11 The growing place of MIS in surgical practice may parallel this continued rising trend for MI appendectomy. Indeed, the Ontario survey observed that surgeons who practised MI appendectomy were more prone to do advanced MIS on univariate analysis (81.5% v. 39.1%, p < 0.05). Multivariate analysis from the present study revealed that not practising MI appendectomy was associated with a lower proportion of surgeons with an advanced MIS practice (OR 0.04, 95% CI 0.02-0.1). Poulin and colleagues 12 suggested that laparoscopic appendectomy is an interesting training procedure with which to transition toward laparoscopic colectomy. Ultimately, one may hypothesize that surgeons who do not practise MI appendectomy could be less comfortable with more advanced MI procedures.
The new generation of practising surgeons who have been trained in the MIS era may also contribute to the observed spread of advanced MIS procedures. Evolution over a few decades has allowed better integration of MIS not only in practice, but also in training with the development of new teaching tools and curricula. [13] [14] [15] [16] In the United States, specific requirements for MIS training have even been added by the Accreditation Council for Graduate Medical Education Residency Review Committee, and the Fundamentals of Laparoscopic Surgery course is now mandatory for the American Board of Surgery. 17, 18 Surveys of residents conducted in the early 2000s reported a perceived need for additional training in MIS both in Canada and in the United States. 19, 20 In 2003, Canadian general surgery residents identified limited advanced case volume, limited opportunity in the operating room and lack of attending surgeon interest as factors with a negative impact on their MIS training. 19 With the evolution of the practice, this seems to have changed. In our survey, more respondents attributed their MIS training to residency (p = 0.028) in 2012 than in 2007. This reflects the adaptation of surgical training programs. Interestingly, universities were the last institution identified by respondents as being responsible for MIS training, which appear to contradict previously discussed findings. One hypothesis would be that with better MIS residency training, respondents feel that additional training for either maintenance of competence or acquisition of new skills then lies with surgical societies.
The practice of MIS relies on training but also on the available material resources and support, such as operating time or proper, up-to-date equipment. It takes time to build facilities and practice settings favouring adequate use of surgeons' skills, such as MIS. The 5-year lapse between our surveys seems to have allowed for these conditions to be united. Indeed, respondents did not identify significant institutional or clinical barriers to MIS practice. This was even more polarized in 2012, which may represent improvement in hospital resources. Interestingly, operating time was less of an issue in 2012 than in 2007. This could simply be related to a change in availability of operating time for general surgeons, but it could also represent a better use of this time by surgeons more efficient in MIS.
Other findings from our survey parallel the evolution of data in MIS and testify to the changing culture in this field. First, the number of surgeons who practise colorectal resections for malignancy has nearly doubled in 5 years. This is in keeping with the acceptance of the MIS approach as a safe oncological procedure for colonic malignancies and the growing evidence for laparoscopic treatment of rectal cancer. [21] [22] [23] Second, the number of MI inguinal hernia repairs performed did not differ between 2007 and 2012 (30.7% v. 36.2%, p = 0.28). Indeed, after being subject to great interest in the late 1990s and early 2000s, this technique lost popularity because of a reported higher rate of severe complications. 24, 25 Third, we observed a significant difference in the preferred technique for pneumoperitoneum creation. More respondents reported always using an open technique in 2012 than 2007 (63.5% v. 76%, p = 0.011). Although this viewpoint has been challenged, the literature suggests that the open approach is superior to the closed entry technique because it is less likely to cause complications. [26] [27] [28] Our data are also in keeping with a survey of Canadian general surgeons reporting that more than 80% of them use the open technique. 29 
Limitations
The 51.3% and 31.3% response rates in 2007 and 2012 temper with the conclusions to be drawn from this survey. This represents an inherent challenge of survey studies, and is not out of the ordinary for a physician survey. 5 The difference in the number of responses in both administrations might be due to the change of the administration tool from a written form J can chir, 2015 to a web-based electronic platform. This renders the significant differences observed in the study more prone to the response bias inherent to survey studies. Indeed, surgeons with a greater interest or an established practice in MIS may have been keener to complete the questionnaire. Furthermore, this low response rate may also portend underpower issues, where lack of difference has to be interpreted with caution. We also acknowledge that our data represent stated intentions and perceptions of one's practice that may change with time and are not a perfect reflection of reality. Furthermore, questions addressed the number of surgeons performing MIS procedures but not the proportion of procedures actually performed using an MIS approach. Despite these limitations, we have collected interesting data about the evolution of MIS in Quebec. Beyond a snapshot of MIS practice, this study allows us to focus on the evolution of MIS in the modern surgical era.
conclusion
We observed that from 2007 to 2012 there was a significant increase in the practice of advanced MIS procedures by general surgeons in Quebec. More surgeons have integrated MIS procedures in their practices, and this technique now appears well established in current surgical practice. The growing place of MIS in residency training seems to be a paramount part of this development over the last 5 years. Results from this survey could be used as a baseline for studies focusing on ways to further improve the existing MIS practice and examine the need for integrating newer technological advances in the current practice in relation with evidence-based data in the field.
